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Q.  
I l l  

(§4)  Process  for  removing  hydroperoxides  and  aldehydes  from  allyl-alkyl  ether. 

Described  herein  is  a  process  for  the  conversion  of 
hydroperoxides,  present  in  allyl-alkyl  ethers  to  products 
including  @,β-unsaturated  aldehydes  and  for  reducing 
such  @,β-unsaturated  aldehydes  to  alcohols  prior  to  the 
use  of  the  ether  as  a  feedstock  in  a  hydroformylation 
reaction  to  produce  the  corresponding  ether  aldehyde. 
The  process  involves  contacting  the  ether  with  a  metal 
hydride,  either  in  aqueous  solution  and/or  by  means 
of  an  ion  exchange  resin.  Such  treatment  decomposes 
the  hydroperoxides  and  then  reduces  their  @,β-unsa- 
turated  aldehyde  decomposition  products,  thereby  re- 
ducing  the  catalyst  inhibition  period  present  in  the 
hydroformylation  reaction  which  is  observed  when  such 
@,β-unsaturated  aldehyde  impurities  are  present. 



BACKGROUND  OF  THE  INVENTION 

This  inven t ion   is  d i r e c t e d   to  a  process  for  t h e  

convers ion   of  hydroperoxides   p resen t   in  a l l y l - a l k y l   e ther   t o  

enhance  the  use  of  such  e ther   as  a  f eeds tock   in  a  rhodium 

c a t a l y z e d   hydro fo rmyla t ion   process  to  produce  the  c o r r e s p o n d i n g  

e the r   a ldehyde.   Such  hydroperoxides   are  decomposed by  t r e a t -  

i n g  t h e   e ther   with  metal  hydride  to  give  products   which 

inc lude   @ , β - u n s a t u r a t e d   a ldehydes ,   which  are  then  r educed  

to  the  co r re spond ing   a l c o h o l s .  

Hydroperoxides ,   which  may  form  in  a l l y l - a l k y l   e ther   by 

a d v e n t i t i o u s   a i r   o x i d a t i o n ,   decompose  during  h y d r o f o r m y l a t i o n  

to  f o r m a t s - u n s a t u r a t e d   aldehydes  such  as  a c r o l e i n ,   among  o t h e r  

b y - p r o d u c t s .   The  e f f e c t   of  a c r o l e i n   and  c l o s e l y   r e l a t e d  

compounds  as  rhodium  c a t a l y s t   i n h i b i t o r s   is  known  in  the  p r i o r  

a r t .   U.  S.  Pa tent   4 ,148,830  issued  April  10,  1979,  i n d i c a t e s ,  

at  Column  4  l ines   65  et .   s eq . ,   tha t   i t   is  h ighly  d e s i r a b l e  

to  main ta in   " s u b s t i t u t e d   a c r o l e i n   I I "  ( i . e . ,   e t h y l p r o p y l a c r o l e i n )  

at  low  c o n c e n t r a t i o n s   "s ince  i t   has  been  observed  tha t   a  b u i l d -  

up  of  th is   product   tends  to  c u r t a i l   the  l i f e   of  the  rhodium 

complex  c a t a l y s t . "  

The  e f f e c t   of  the  presence  of  a c r o l e i n   in  a l l y l - a l k y l  

e ther   used  as  a  f e e d s t o c k ' i n   a  rhodium  ca t a lyzed   h y d r o f o r m y l a t i o n  

r e a c t i o n   to  produce  the  co r respond ing   e ther   aldehyde  is  s e e n  i n  

Example  1  in  Table  I  below.  It  is  p o s t u l a t e d   tha t   th is   c a t a l y s t  

i nduc t ion   period  occurs  because  of  the  compet i t ion   for  the  rhodium 

c a t a l y s t   between  the  hydro fo rmyla t ion   r eac t i on   and  the  r e a c t i o n  

to  reduce  a c r o l e i n   to  propanol  and/or   p rop iona ldehyde .   Such 

a  c a t a l y s t  i n d u c t i o n   period  is  e f f e c t i v e l y   e l i m i n a t e d  

by  removing  hydroperoxides   and  a c r o l e i n   from  the  a l l y l - a l k y l   e t h e r .  

See  Examples  2-4,  i n f r a ,   and  Table  I  below.  



According  to  J.  A.  Riddick  and  W.  B.  Bunger,  "Techn iques  

of  Chemistry"  Vol.  2,  p.  690  "Organic  So lven t s"   W i l e y - I n t e r s c i e n c e  

(1970),   s o l u t i o n s   of  p h e n o t h i a z i n e ,   iron  ( I I )   s u l f a t e ,   t in   ( I I )  

c h l o r i d e ,   c o p p e r - z i n c   couple ,   sodium  b i s u l f i t e ,   a l k a l i   me ta l  

h y d r o x i d e s , c e r i u m   ( I I I )   hydroxide  and  lead  (IV)  oxide  have  a l l  

been  found  to  des t roy   peroxides   in  e t h e r s .   However,  none  o f  

the  above  reagen ts   is  known  to  be  e f f e c t i v e   in  removing  o r  

reducing  a c r o l e i n   as  w e l l .  

Riddick  and  Bunger,  supra  at  p.-691  also  d i s c l o s e s   t h a t  

passing  impure  e the r   through  an  a c t i v a t e d   aluminum  oxide  column 

will  reduce  aldehyde  con ten t   as  well  as  remove  pe rox ide .   However, 

r e sea rch   has  r evea l ed   tha t   only  a  r e l a t i v e l y   small  q u a n t i t y   o f  

a c r o l e i n  i s   adsorbed  on   the  alumina  and  r e t a i n e d   (See  Example  2 

and  Table  I  below).  Thus  alumina  cannot  e f f e c t i v e l y   be  used  for  t h e  

p u r i f i c a t i o n   of  la rge   q u a n t i t i e s   of  a l l y l - a l k y l   e the r   w i t h o u t  

adding  compl ica ted   and  expensive   p r o c e s s i n g   s teps   to  a v o i d  

eventual   a c r o l e i n   b reak through   with  the  a l l y l - a l k y l   e t h e r  

e f f l u e n t .  

M.  Ross  Johnson  and  Bruce  Rickborn  "Sodium  B o r o h y d r i d e  

Reduction  of  Conjugated  Aldehydes  and  Ketones" ,   J.  Org.  Chem. 

Vol.  35 ,  p .   1041  (1970)  show  the  use  of  aqueous  a l k a l i   meta l  

borohydr ides   as  reducing  agents  for  a ldehydes ,   i nc lud ing   t h e  

r educ t ion   of  a c r o l e i n   to  a l ly l   a lcohol   and  p ropanol .   S i m i l a r l y ,  

B r i t i s h   Patent   981,965  d e s c r i b e s   the  use  of  a l k a l i   meta l  

borohydr ide   to  reduce  the  r e s idua l   a ldehyde  con ten t   in  Oxo 

alcohol  a f t e r   h y d r o f o r m y l a t i o n .   However,  n e i t h e r   r e f e r e n c e  

d i s c l o s e s   the  use  of  a l ka l i   metal  bo rohydr ides   to  reduce  hyd ro -  

peroxides   and  s i m u l t a n e o u s l y   to  reduce  the  a c r o l e i n   formed  d u r i n g  

the  r educ t ion   of  the  hydrope rox ides   in  a l l y l - a l k y l   e t h e r s .  



U.  S.  Pa tent   3 ,003,002  d i s c l o s e s   a  means  of  removing 

peroxides   from  d ie thyl   e the r   by  con t ac t   with  a  s t rong  b a s e  

anion  exchange  res in   in  i t s   hydroxyl  form.  However,  t h i s  

t r ea tmen t   will  only  remove  peroxide   and .wi l l   not  remove  a l d e h y d e s ,  

as  such  bases  will  not  r eac t   with  @ , β - u n s a t u r a t e d   a ldehydes  i n  

such  manner  as  to  t i e   them  up.  

B r i t i s h   Pa tent   876,034  and  U.  S.  Patent   4 ,107,099  b o t h  

d i s c l o s e   the  manufacture   of  borohydr ide   exchange  r e s i n s .   In  

a d d i t i o n , P a t e n t   4 ,107,099  con t a in s   several   examples  of  the  u se  

of  such  r e s i n s .   Example  12  d i s c l o s e s   the  r educ t ion   of  c r o t o n -  

a ldehyde,   as  an  u n d e s i r a b l e   impur i ty   in  s y n t h e t i c   e t h a n o l ,   i n  

c o n c e n t r a t i o n s   of  20  to  500  ppm.  Example  15  d i s c l o s e s   a  

q u a l i t a t i v e   r educ t ion   of  pe rox ides   in  t e t r a h y d r o f u r a n ,   such  

reduc t ion   being  monitored  by  q u a l i t a t i v e   a n a l y s i s   employing  an 

iodide  t e s t   in  which  an  i n t e n s e ' r e d - b r o w n   color   will  i n d i c a t e   t h e  

presence  of  s u b s t a n t i a l   p e r o x i d e .  

It  has  now  been  unexpec ted ly   found  tha t   t r e a t m e n t   w i t h  

metal  hydrides  will  conver t   hydrope rox ides   in  a l l y l - a l k y l  

e thers   to  a c r o l e i n   and  o ther   decomposi t ion   products   not  harmful  

to  the  hyd ro fo rmy la t i on   r e a c t i o n ,   and  will  then  reduce  t h e  

ac ro l e in   to  propanol  and/or   p rop iona ldehyde   wi thout   r e d u c i n g  

the  o l e f i n i c   double  bond  in  the  a l l y l - a l k y l   e the r .   The  nove l  

metal  hydride  t r e a t m e n t   will  e l i m i n a t e   the  c a t a l y s t   i n d u c t i o n  

period  p resen t   in  the  h y d r o f o r m y l a t i o n   r e a c t i o n   when  p a r t i a l l y  

oxidized  a l l y l - a l k y l   e the r   is  employed  as  a  f eeds tock   f o r  

convers ion  to  i t s   co r r e spond ing   e the r   a ldehyde.   This  is  b e c a u s e  

the  t r ea tmen t   will  f ree  the  rhodium  c a t a l y s t   for  the  hyd ro -  

fo rmyla t ion   r e a c t i o n ,   e l i m i n a t i n g   the  competing  a c r o l e i n   t o  

propanol  and/or   p rop iona ldehyde   r e a c t i o n .   See  Table  I  be low.  



DESCRIPTION  OF  THE  INVENTION 

This  i nven t ion   is  d i r e c t e d   to  a  process  for  t h e  

s e l e c t i v e   r e d u c t i o n , b y   use  of  metal  h y d r i d e s , o f   h y d r o p e r o x i d e s  

in  a l l y l - a l k y l   e thers   to  t h e i r   decomposi t ion  p r o d u c t s ,  

i nc lud ing   a c r o l e i n ,   and  for  the  r educ t ion   of  the  a c r o l e i n  

produced  to  propanol  and/or   p rop iona ldehyde ,   without   r e d u c t i o n  

of  the  a l l y l - a l k y l   e t h e r s .   Thus,  t h i s  i n v e n t i o n   is  h i g h l y  

useful   because  a c r o l e i n   is  a  rhodium  c a t a l y s t   i n h i b i t o r ,   and 

propanol  and  p rop iona ldehyde   are  not  i n h i b i t o r s .  

A l l y l - a l k y l   e t he r ,   while  being  s t o r e d ,   will  d e v e l o p  

a  hydroperoxide   con ten t   as  a  r e s u l t   of  the  a d v e n t i t i o u s   e n t r y  

of  a i r .   These  hydroperoxides   can  be  decomposed  to  form  a c r o l e i n  

and  o ther   i m p u r i t i e s   according  to  the  fo l lowing  scheme: 

(R  =  alkyl  g roup)  

When  an  a l l y l - a l k y l   e t h e r ,   such  as  a l ly l   t e r t - b u t y l  

e ther   ("ATBE"),  con ta in ing   hydroperoxides   is  used  as  a 

hyd ro fo rmy la t i on   r eac t i on   f e e d s t o c k ,   a  c a t a l y s t   i n d u c t i o n  

period  is  observed.   It  is  be l ieved   tha t   th is   induc t ion   p e r i o d  

r e s u l t s   from  the  compet i t ion   for  the  rhodium  c a t a l y s t *   between 

*European  p a t e n t   a p p l i c a t i o n   18161  d i s c l o s e s   t ha t   t h e  
p r e f e r r e d   h y d r o f o r m y l a t i o n   c a t a l y s t   to  c r e a t e   the  aldehyde  e t h e r  
is  a  r hod iun   complex  c a t a l y s t   compr is ing   rhodium  in  complex 
combina t ion   wi th   carbon  monoxide  and  a  t r i o r g a n o p h o s p h i n e   l i g a n d ,  
such  as  t r i p h e n y l p h o s p h i n e .   In  a d d i t i o n ,   the  r e a c t i o n   m i x t u r e  
t y p i c a l l y   i nc ludes   up  to  about  100  moles  or  more  of  excess  f r e e  
t r i o r g a n o p h o s p h i n e   per  gram  atom  of  rhodium.  When  t r i p h e n y l -  
phosphine   is  employed  as  the  l igand ,   t h i s   compound  can  d e s t r o y  
pe rox ides   but  w i l l   have  no  e f f e c t   on  a c r o l e i n   when  a c r o l e i n   i s  
at  low  c o n c e n t r a t i o n s .  



the  hydroformyla t ion   r eac t ion   (kl  below)  and  the  r educ t ion   o f  

a c r o l e i n   to  propanol  and  p rop iona ldehyde   (k2  b e l o w ) .  

Thus,  the  metal  hydride  t r ea tmen t   e l i m i n a t e s   the  observed  c a t a l y s t  

induc t ion   period  because  the  k2  r e a c t i o n   is  e l i m i n a t e d   by  t h e  

p r io r   r educ t ion   of  a c r o l e i n ,   thereby  a l lowing   the  rhodium  c a t a l y s t  

to  e f f e c t   the  kl  r e ac t i on   u n f e t t e r e d   by  the  competing  a c r o l e i n  

r e d u c t i o n  r e a c t i o n .   This  is  suppor ted   by  exper imenta l   data  which 

shows  the  induct ion   period  is  e l i m i n a t e d   by  the  removal  o f  

hydroperoxides   and  a c r o l e i n   from  the  ATBE.  (See  Examples  2 - 4  

in  Table  I  b e l o w ) . .  

Alumina  appears  u n s a t i s f a c t o r y   for  the  p u r i f i c a t i o n   o f  

large  q u a n t i t i e s   of  ATBE  because  a c r o l e i n   is  adsorbed  r a t h e r  

than  reduced.  Thus,  a l though  e x p e r i m e n t a t i o n   has  shown  t h a t  

hydroperoxide   and  a c r o l e i n   free  ATBE  can  be  produced  by  p a s s i n g  

the  e ther   through  an  alumina  column  (see  Example  2  in  Table  I 

below),  such  process  is  not  commercia l ly   d e s i r a b l e   because  

of  the  nece s s i t y   of  having  to  p e r i o d i c a l l y   wash  the  a lumina  

bed  free  of  the  adsorbed  a c r o l e i n   and  h y d r o p e r o x i d e s .   In  a 

commercial  opera t ion   which  is  opera ted   c o n t i n u o u s l y ,   one  would 

have  to  employ  mul t i -columns  c o n t a i n i n g   alumina  and  s h i f t   t h e  

l iqu id   flow  from  one  to  another   in  order  to  avoid  b r e a k t h r o u g h  

of  a c r o l e i n   and/or  hydroperox ide ,   and  then  r e g e n e r a t e   t h e  

beds  by  washing  them  free  of  adsorbed  and  occluded  a c r o l e i n  

and/or   hydroperoxide   while  the  beds  are  not  in  u s e .  



I t  was  found  tha t   t r ea tmen t   with  a  metal  h y d r i d e  

decomposes  the  a l l y l - a l k y l   e ther   hydroperoxides   to  a c r o l e i n   and 

alkyl  alcohol  and  then  f u r t h e r   reduces  the  rhodium  c a t a l y s t  

i n h i b i t o r   a c r o l e i n   to  p rop iona ldehyde   and  propanol ,   w i t h o u t  

r educ t ion   of  the  a l l y l - a l k y l   e ther   according  to  the  f o l l o w i n g  

scheme:  

where  MH  is  a  metal  h y d r i d e .  

For  th is   i n v e n t i o n ,   the  term  metal  hydride  i n c l u d e s  

metal  con ta in ing   compounds  which  conta in   at  l e a s t   one  hydrogen .  

bonded  to  a  metal  or  a  non-metal  and  which  can  r e l e a s e   t h e  

hydrogen  by  e l e v a t i o n   of  t empera tu re   or  by  add i t i on   of  a 

decomposi t ion   agent ,   viz.  acid.   R e p r e s e n t a t i v e   metal  h y d r i d e s  

i n c l u d e :  

a l k a l i   metal  (Na,  Li,  K,  Cs,  Rb)  and  a l k a l i n e   e a r t h  

metal  (Ca,  Mg,  Be)  bo rohydr ides .   (MBH4) 

t r i a l k y l b o r o h y d r i d e s ,   i n c l u d i n g  

-  l i t h i u m   t r i e t h y l   b o r o h y d r i d e  

[Li(C2H5)3BH] 

-  l i th ium  t r i b u t y l   b o r o h y d r i d e  

[Li(C4H9)3BH] 

-  l i t h ium  t r i i s o b u t y l b o r o h y d r i d e  

Li[CH2CH(CH3)2]3BH 

l i th ium  a luminum.hydride   (LiAlH4) 

l i t h i u m - t r i - t e r t - b u t o x y a l u m i n o h y d r i d e   [Li(t-BuO)3A1H] 

l i t h i u m - t r i - e t h o x y a l u m i n o h y d r i d e  



sodium  bis  (2-methoxyethoxy)  aluminum  h y d r i d e  

Any  a l k y l   g r o u p s   p r e s e n t   i n   t h e   h y d r i d e   c o m p o u n d s  

m e n t i o n e d   a b o v e ,   i . e .   i n   t h e   t r i a l k y l b o r o h y d r i d e s ,  

l i t h i u m - t r i - a l k o x y a l u m i n o h y d r i d e s   and   s o d i u m   b i s  

( 2 - a l k o x y a l k o x y ) a l u m i n u m   h y d r i d e s ,   p r e f e r a b l y   c o n -  

t a i n s   1  t o   4  c a r b o n   a t o m s .  

The  a l l y l - a l k y l   e thers   from  which  hydroperox ides   and 

a c r o l e i n   may  be  removed  via  the  novel  process  are  of  the  f o r m u l a :  

wherein  Z1  and  Z2,  each  i ndependen t ly   of  the  o t h e r ,   r e p r e s e n t  

a  C1  to  C4 alkyl   r a d i c a l ,   and  Z3  and  Z4  each,  i ndependen t ly   o f  

the  o the r ,   r e p r e s e n t   a  hydrogen  atom  or  a  C1  to  C3  alkyl  r a d i c a l ,  

or  wherein  Z1  r e p r e s e n t s   a  C1  to  C4  alkyl  r a d i c a l ,   Z2  and  Z3 

t o g e t h e r   with  the  carbon  atoms  to  which  they  are  a t t a c h e d  

form  a  5-membered  or  6-membered  c y c l o a l i p h a t i c   r ing ,   and  Z4 

r e p r e s e n t s   a  hydrogen  atom  or  a  C1  to  C3  alkyl  r a d i c a l .  

R e p r e s e n t a t i v e   a l l y l - a l k y l   e thers   i n c l u d e :  

a l ly l   t e r t - b u t y l   e t h e r  

a l ly l   2 - m e t h y l b u t - 2 - y l   e t h e r  

a l ly l   2 , 3 - d i m e t h y l b u t - 2 - y l   e t h e r  

a l ly l   3 - m e t h y l p e n t - 3 - y l   e t h e r  

a l ly l   3 - e t h y l h e x - 3 - y l   e t h e r  

a l ly l   5 - p r o p y l n o n - 5 - y i - e t h e r  



a l ly l   1 -methy lcyc lohexyl   e t h e r  

a l ly l   1 -me thy lcyc lopen ty l   e t h e r  

One  p re f e r r ed   embodiment  of  th is   d i scove ry   i nvo lves   t h e  

use  of  aqueous  sodium  borohydr ide   to  reduce  hydroperox ides   and 

to  then  reduce  a c r o l e i n   in  a l l y l - a l k y l   e t h e r s .   When  ATBE  was 

t r e a t e d   wi th  sodium  borohydr ide ,   i t s   h y d r o f o r m y l a t i o n   r e a c t i o n  

showed  no  c a t a l y s t   i n h i b i t i o n   (See  Example  3  in  Table  1 ) .  

Sodium  borohydr ide   is  p r e f e r r e d   to  the  o the r   above 

metal  hydrides   as  i t   is  s t ab l e   in  basic  water  s o l u t i o n s .  

Moreover,  s o l u t i o n s   of  sodium  borohydr ide   in  p o l y e t h e r s   a r e  

a v a i l a b l e   commercia l ly .   The  a l k a l i   t r i a l k y l b o r o h y d r i d e s   a r e  

also  commercial ly  a v a i l a b l e   in  s o l u t i o n s ,   but  are  more  e x p e n s i v e  

than  sodium  borohydr ide .   L i t h ium a luminum hyd r ide   and  i t s  

d e r i v a t i v e s ,   inc lud ing   VitrideTM  are  in  one  r e spec t   less   f a v o r a b l e  

than  sodium  borohydr ide   s i n c e  t h e y   are  very  r e a c t i v e   with  water  and 

a l c o h o l s ,   thereby  l i b e r a t i n g   hydrogen,  which  is  p o t e n t i a l l y   d a n g e r o u s .  

A  2-100  fold  molar  excess  of  metal  hydr ide ,   based  on 

moles  of  hydroperoxide ,   should  be  used  to  ensure  the  removal 

of  hydroperoxide .   Five  to  s ix ty   minutes  con tac t   time  of  t h e  

borohydr ide   so lu t ion   with  the  a l l y l - a l k y l   e ther   is  g e n e r a l l y  

s u f f i c i e n t   to  e f f e c t   the  des i red   r educ t ion   though  longer   o r  

s h o r t e r   periods  may  be  used.  A  borohydr ide   should  be  used  

as  a  so lu t ion   in  a  s t rong  base,  such  as  sodium  hydrox ide ,   t o  

s t a b i l i z e   the  aqueous  borohydr ide   as  well  as  to  s t a b i l i z e   t h e  

a l l y l - a l k y l   e ther   aga ins t   hyd ro lys i s   to  a l l y l   a l c o h o l .   The 

c o n c e n t r a t i o n   of  sodium  hydroxide  can  vary  from  0.5N  to  10N, 

with  a  p r e f e r r e d   c o n c e n t r a t i o n   being  1N.  At  the  end  of  t h e  

r e a c t i o n   the  e ther   should  be  washed  with  a  s u f f i c i e n t   amount 



of  deoxygenated  water  to  e l im ina t e   d i s so lved   sodium  h y d r o x i d e  

and  borohydr ide .   The  borohydr ide   t r e a t m e n t  a n d   p a r t i c u l a r l y  

the  water  washings  should  be  done  under  a  n i t rogen   b lanke t   t o  

avoid  a i r   ox ida t ion   of  the  a l l y l - a l k y l   e t h e r .  

The  reduc t ion   of  hydroperoxide   occurs  r ap id ly   at  r o o m  

t empera tu r e ,   but  t h e  r e a c t i o n   can  be  conducted  at  lower  o r  

higher  t empera tures   (0°C  to  100°C)  if  d e s i r e d .  

The  c o n c e n t r a t i o n   of  sodium  borohydr ide   may  vary  w i t h i n  

the  range  of  i ts   s o l u b i l i t y   at  the  p a r t i c u l a r   t e m p e r a t u r e ,   e . g . ,  

at  room  tempera ture   it   cap  vary  from  lg  to  55g  of  sodium  b o r o -  

hydride  per  100g  of  w a t e r .  

The  metal  hydride  can  be  provided  in  an  i n s o l u b l e   form 

to  allow  f a c i l e   s e p a r a t i o n   in  a  l i q u i d - s o l i d   system.  T h i s  

embodiment  involves  the  use  of  res in   immobilized  b o r o h y d r i d e  

c o u n t e r i o n s .   According  to  U.  S.  Patent   4 ,107 ,099 ,   at  column  1 

l ines   65  et  s e q . ,   t he  an ion   exchange  r es ins   that   are  useful   f o r  

the  c r e a t i o n   of  immobilized  borohydride  coun te r ions   are  t h o s e  

that   are  s t rong ly   bas ic ,   for  example,  the  c r o s s l i n k e d   q u a r t e n a r y  

ammonium  po lys ty rene   anion  exchange  r e s ins   of  the  gel  or  mac ro -  

r e t i c u l a r   t y p e s .   = 

It  was  found  that   immobilized  borohydr ide   on  A m b e r l y s t ™  

A-26  anion  exchange  res in   (prepared  in  accordance  with  U.  S .  

Patent   4,107,099  to  Ventron)  (see  Example  4  below),  was 

extremely  e f f e c t i v e   in  decomposing  a l l y l - t e r t - b u t y l   e t h e r  

hydroperoxides   and  thus   in  e l i m i n a t i n g   the  i n h i b i t o r y   e f f e c t s  

of  i t s   decomposi t ion  product  a c r o l e i n   on  the  rhodium  c a t a l y s t  

during  ATBE  hyd ro fo rmy la t i on .   When  a  h y d r o p e r o x i d e - c o n t a m i n a t e d  

stream  of  ATBE  was  passed  through  a  packed  glass   column  o f  

™  Rohm  and  Haas 



borohydr ide -exchanged   Amberlyst  A-26,  the  hydroperoxides   were  

des t royed   q u a n t i t a t i v e l y   and  the  ATBE  tha t   e lu ted   from  t h e  

column  showed  no  c a t a l y s t   i n h i b i t i o n   in  i ts   h y d r o f o r m y l a t i o n  

r e a c t i o n .   See  r e s u l t s   for  Example  4  in  Table  I  be low.  

For  th i s   b a t c h - t y p e   embodiment  of  the  i n v e n t i o n ,   t h e  

amount  of  res in   to  be  used  is  determined  by  the  maximum  l o a d i n g  

capac i t y   and  the  amount  of  peroxide  i n  t h e   ATBE  f e e d s t o c k .  

Patent   4 ,107,099  d i s c l o s e s   tha t   the  maximum  loading  c a p a c i t y  

is  about  3 . 7 -3 .8   meq.  of  boron  per  gram  dry  res in   for  gel  t y p e  

r e s in s   ( e . g . ,   A m b e r l i t e   IRA-900)  whereas  loading  c apac i t y   i s  

4 . 1 -4 .2   meq.  of  boron  per  gram  of  dry  r es ins   for  m a c r o r e t i c u l a r  

type  r e s in s   ( e . g . ,   A m b e r l y s t   A-26).  The  t r ea tmen t   with  t h e  

borohydr ide   res in   can  be  done  at  about  room  t e m p e r a t u r e ,   v i z .  

23°C,  al though  h igher   (v iz .   up  to  75°C)  or  lower  t e m p e r a t u r e s  

(viz .   down  to  0°C)  are  also  s u i t a b l e   so  long  as  the  e f f e c t i v e n e s s  

of  the  t r ea tmen t   is  a c h i e v e d .  

A  th i rd   p r e f e r r e d   embodiment  of  this   i nven t ion   i n v o l v e s  

the  implementa t ion   of  the  immobilized  borohydr ide   r e s in s   into  a 

system  which  permits  a  con t inuous   flow  of  a l l y l - a l k y l   e t h e r ,   f r e e  

of  hydroperoxides   and  a ldehydes ,   into  a  hyd ro fo rmyla t i on   r e a c t o r .  

In  th is   system,  a  s e r i e s   of  guard  beds  of  borohydride  r e s ins   a r e  

included  in  the  process  scheme  to  ensure  that   the  h y d r o p e r o x i d e s  

and  aldehydes  are  removed  from  the  f e e d s t o c k  p r i o r   to  such  f e e d -  

s t o c k ' s   ent ry   into  a  h y d r o f c r m y l a t i o n   r e a c t o r .   This  w i l l  

p r o t e c t   c a t a l y s t   a c t i v i t y   while  avoiding  a  s epa ra t e   t r e a t -  

ment  of  the  f eeds tock .   The  f inal   bed  in  such  system  c o n s i s t s  

of  an  adso rben t ,   such  as  another   anion  exchange  res in   bed  o r  

s i l i c a   gel,  which  possesses   the  a b i l i t y   to  trap  any  b o r i c  

ac id ,   boride  s a l t  o r   e n t r a i n e d   borohydr ides   in  the  a l l y l -  
™ R o h m   a n d   H a a s  



alkyl  e the r   e f f l u e n t   and  thus  avoid  any  con tamina t ion   o f  

the  main  hydroformyla t ion   c a t a l y s t   s o l u t i o n .  

As  in  the  second  embodiment,   above,  the  amount   o f  

res in   necessary  for  th is   cont inuous   feed  system  is  to  be  based  

upon  the  maximum  loading  capac i ty   of  the  res in   as  well  as  t h e  

amount  of  hydrope rox ide in   the  a l l y l - a l k y l   e ther   f e e d s t o c k .  

Room  t empera tu re ,   about  23°C,  is  p r e f e r a b l e   a l though  h igher   o r  

lower  t empera tures   are  also  s u i t a b l e .  

Other  systems  for  p u r i f i c a t i o n   are  also  p o s s i b l e .  

Thus,  an  e f f e c t i v e   process  would  comprise  (a)  t r e a t i n g   t h e  

a l l y l - a l k y l   e ther   with  metal  hydride  in  a l k a l i n e   aqueous  

s o l u t i o n ;   (b)  passing  the  e ther   e f f l u e n t   through  a  b o r o h y d r i d e  

res in   bed;  and  (c)  washing  the  e ther   with  s u f f i c i e n t   d e o x y g e n a t e d  

water  to  e l imina t e   d i s so lved   metal  hydride  and  a lka l i   ( e . g . ,  

sodium  h y d r o x i d e ) .  

EXAMPLES 

The  fol lowing  general  procedure  was  followed  in  

de te rmin ing   the  hydro fo rmyla t ion   r e a c t i o n   ra te   in  all  t h e  

examples  below: 

Hydroformylat ion  ra tes   were  de termined  in  a  100-ml 

s t a i n l e s s   steel  au toc lave   equipped  with  magnetic  s t i r r i n g .   The 

au toc lave   was  heated  by  a  200-watt   band  hea te r   equipped  with  a 

p ropo r t i ona l   t empera ture   c o n t r o l l e r .   I n t e rna l   t empera tu re   was 

monitored  with  a  plat inum  r e s i s t a n c e   thermometer  of  +  0 . 1 0  

a c c u r a c y .  

The  au toc lave   was  connected  to  a  ga s  man i fo ld   f o r  

i n i t i a l   p r e s s u r i z a t i o n   with  r e a c t a n t   gases .   An  e x t e r n a l  

r e s e r v o i r   of  0.5  l i t e r   capac i ty   c o n t a i n i n g   CO:H2  in  1:1  m o l a r  

p ropor t ion   was  connected  to  the  au toc l ave   by  means  of  a 



Research  Control  motor  valve.   In  order   to  measure  p r e s s u r e  

in  the  r e ac t i on   chamber  the  au toc lave   was  a l s o  e q u i p p e d  w i t h  

a  100-135  psi  p ressure   t r a n s m i t t e r .   During  h y d r o f o r m y l a t i o n  

the  au toc lave   was  mainta ined  at  120  psig  via  the  e x t e r n a l  

r e s e r v o i r / m o t o r   v a l v e / p r e s s u r e   t r a n s m i t t e r .   React ion  rate   was 

c a l c u l a t e d   from  the  ra te   of  p r e s su re   drop  in  the  e x t e r n a l  

r e s e r v o i r .  

EXAMPLE  1 

C o n t r o l  -   ATBE  con t a in ing   0.17  pe rcen t   pe rox ide .   20  ml 

of  c a t a l y s t   s o l u t i o n ,   con ta in ing   200  ppm  rhodium  as  RhH(CO)(Ph3P)3 

and  10%  t r i p h e n y l p h o s p h i n e ,   in  n - b u t y r a l d e h y d e   t r imer   s o l v e n t ,  

was  charged  to  a  preheated  r e a c t o r   at  70°C.  After   t h e  

t empera ture   of  the  c a t a l y s t   s o l u t i o n   e q u i l i b r a t e d   to  70°C, 

5.7  grams  of  ATBE  con t a in ing   0.17  weight  %  hydroperox ide   was 

i n j e c t e d   into  the  r e a c t o r   followed  by  40  p . s . i .   H2,  20  p . s . i .  

CO  and  n i t rogen   to  a  to ta l   of  120  p . s . i .   The  au toc l ave   was 

then  opened  to  the  motor  v a l v e - r e s e r v o i r   assembly.   The  h y d r o -  

fo rmyla t ion   r e a c t i o n   uses  CO  and  H2  in  1:1  molar  p r o p o r t i o n s .  

Carbon  monoxide  and  hydrogen  were  fed  in  at  1:1  (CO:H2)  mola r  

p ropor t ions   to  keep  the  p r e s su re   c o n s t a n t .   The  r e a c t i o n   r a t e s  

obta ined  for  the  hydro fo rmyla t ion   of  ATBE  to  4 - t e r t - b u t o x y -  

bu tyra ldehyde   are  summarized  in  Table  I  below,  under  Example  1 .  

EXAMPLE  2 - 

ATBE  p u r i f i e d   with  a c t i v a t e d   alumina.   A  50  cm  x  2  cm 

glass  chromatographic   column  was  packed  with  50  g.  a c t i v a t e d  

alumina  (ICN  P h a r m a c e u t i c a l s ,   a c t i v i t y   Grade  I).  A  200-ml 

commercial  ATBE  sample  con ta in ing   0.17  weight  %  of  h y d r o p e r o x i d e  

was  passed  through  the  column  at  a  ra te   o f  1 . 6   ml/min.  A  t o t a l  

of  180  ml  ATBE  was  e luted  from  the  column  and  r e c o v e r e d ,   t h e  



other   20  ml  being  r e t a i n e d   by  the  column.  The  e lu ted   ATBE  gave  

no  i n h i b i t i o n   in  i t s   hyd ro fo rmyla t ion   r e a c t i o n ,   when  h y d r o f o r m y l a t e d  

in  accordance  with  the  procedure  of  Example  1  above.  Hydro-  

fo rmyla t ion   ra tes   were  determined  as  desc r ibed   above.  The 

r e s u l t s   are  summarized  under  Example  2  in  Table  1 .  

The  q u a l i t a t i v e   a n a l y s i s   of  the  e lu ted   ATBE  and  t h e  

alumina  i nd i ca t ed   that   the  hydroperoxides   and  a c r o l e i n   had 

merely  been  adsorbed  r a t h e r   than  reduced.   The  f o l l o w i n g  

procedure  was  employed  to  conduct  such  q u a l i t a t i v e   a n a l y s i s :  

S i l i c a   gel  coated  s t r i p s   (10  x  3  cm)  ( S u p p l i e r :  

Eastman  Kodak)  were  used  as  thin  l ayer   chromatography  ( " t l c " )  

p l a t e s .   A  spot  of  ATBE  (or  a  s o l u t i o n   of  i t   in  CHC13)  was 

appl ied   on  the  t lc   p la te   and  the  p la te   was  developed  w i t h  

chloroform.   After  the  development  p la te   had  d r i ed ,   t h e  

v i s u a l i z a t i o n   reagent*   was  sprayed  on.  In  a  few  minutes  a 

pink  spot  with  Rf  =  0.4,  i . e . ,   the  r a t i o   of  the  d i s t a n c e   moved 

by  the  hydroperoxide   to  the  d i s t a n c e   moved  by  the  c h l o r o f o r m ,  

developed  cor responding   to  ATBE  hydroperox ide .   The  i n t e n s i t y  

of  the  spot  corresponds   to  the  amount  of  hydroperoxide   p r e s e n t .  

Using  the  above  method  i t   was  found  tha t   the  ATBE 

eluted   from  the  alumina  column  con t a ined  no   h y d r o p e r o x i d e s .  

The  alumina  column  was  then  washed  with  a  t o t a l  

of  75  ml  of  methanol  which  was  c o l l e c t e d   in  three   s e p a r a t e  

25-ml  po r t i ons .   Q u a l i t a t i v e   a n a l y s i s   employing  gas  ch roma tog raphy  

showed  that   the  middle  25-ml  por t ion   of  the  methanol  c o l l e c t e d  

conta ined  a c r o l e i n .  

*To  make  the  v i s u a l i z a t i o n   r eagen t ,   1.5  g  N , N - d i m e t h y l -  
pa ra -pheny lened iamine   was  d i s so lved   in  20  ml  water  c o n t a i n i n g   1  ml 
a ce t i c   acid.  The  so lu t ion   was  then  d i l u t e d   with  methanol  to  100  ml ,  
f lushed  with  n i t rogen   and  s tored  in  the  r e f r i g e r a t o r .  



EXAMPLE  3 

ATBE  pu r i f i ed   with  Aqueous  NaBH4. 

To  a  100-ml  th ree -neck   f lask   equipped  with  mechanical  s t i r r e r ,  

r e f lux   condenser  and  n i t rogen   i n l e t ,   were  added  15  ml  p a r t i a l l y  

oxid ized   ATBE  and  10  ml  of  10%  s o l u t i o n   of  sodium  b o r o h y d r i d e  

in  1  N  sodium  hydroxide.   The  mixture  was  s t i r r e d   at  23°C  f o r  

1- hour,  and  then  t r a n s f e r r e d   to  a  s e p a r a t o r y   funnel  unde r  

n i t rogen .   The  organic  layer   was  s epa ra t ed   and  washed  t h r e e .  

times  with  five-ml  por t ions   of  degassed  water .   The  ATBE  p u r i f i e d  

in  th i s   fashion  showed  no  c a t a l y s t   i n h i b i t i o n   in  i ts   hyd ro -  

fo rmyla t ion   r eac t ion   r a t e ,   when  hydroformyla ted   in  a c c o r d a n c e  

with  the  procedure  of  Example  1  above.  See  the  r e s u l t s   f o r  

Example  3  in  Table  I .  

EXAMPLE  4 

ATBE  p u r i f i e d   by  borohydr ide   exchange  r e s i n .   The 

method  desc r ibed   in  U.  S.  Pa tent   4 ,107,099  (Example 1)  was 

fol lowed.   Amberlyst  A-26 , s t rong   base  c h l o r i d e   form  a n i o n  

exchange  res in   (150  g),was  s l u r r y   packed  with  water  in  a 

50  x  3  cm  glass  column.  The  res in   was  washed  s u c c e s s i v e l y  

with  2  l i t e r s   of  water ,   1  l i t e r   ethanol  and  1  l i t e r   o f  

water.   1.8  l i t e r s   of  so lu t i on   of  sodium  borohydr ide   i n  

sodium  hydroxide  (1  weight  %  NaBH4  in  2.6  weight  %  NaOH  s o l u t i o n )  

was  passed  through  the  res in   over  a  period  of  1.5  hours.  The 

res in   was  then  washed  with  1  l i t e r   water  fol lowed  by  200  ml 

e t h a n o l .  

A  200  ml  sample  of  p a r t i a l l y   oxid ized   ATBE 

(0.3  weight  %  hydroperoxide)   was  passed  through  t h e  



column  at  a  rate  of  3  ml/min.  The  column  e f f l u e n t s   showed  no 

c a t a l y s t   i n h i b i t i o n   in  a  hyd ro fo rmyla t i on   r e a c t i o n   p r o v i n g  

that   a c ro l e in   was  also  des t royed   in  th i s   t r e a t m e n t .   See  t h e  

r e s u l t s   for  Example  4  in  Table  I .  



1.  The  process   for  conver t ing   hydroperox ide ,   p r e s e n t  

in  a l l y l - a l k y l   e thers   of  the  f o r m u l a :  

wherein  ZI  and  Z2,  each  i ndependen t ly   of  the  o the r ,   r e p r e s e n t  

a  C1  to  C4  alkyl  r a d i c a l ,   and  Z3  and  Z4  each,  i n d e p e n d e n t l y   o f  

the  o t h e r ,   r e p r e s e n t   a  hydrogen  atom  or  a  Cl  to   C3  a l k y l  

r a d i c a l ,   or  wherein  Z1  r e p r e s e n t s   a  C1  to  C4  alkyl  r a d i c a l ,  

Z2  and  Z 3  t o g e t h e r   with  the  carbon  a toms to   which  they  a r e  

a t t ached   form  a  5-membered  or  6-membered  c y c l o a l i p h a t i c   r i n g ,  

and  Z4  r e p r e s e n t s   a  hydrogen  atom  or  a  C1  to  C3  alkyl  r a d i c a l ,  

to  decomposi t ion   p roduc t s ,   inc lud ing   @,β-unsa tu ra ted   a l d e h y d e s ,  

and  for  reducing  such  @,β-unsa tu ra t ed   aldehydes  to  a l c o h o l s ,  

which  comprises  t r e a t i n g   the  e ther   with  a  metal  h y d r i d e .  

2.  The  process   according  to  claim  1  in  which  t h e  

a l l y l - a l k y l   e ther   is  one  of  a l ly l   t e r t - b u t y l   e the r ,   a l ly l   2 , 3 -  

d i m e t h y l b u t - 2 - y l   e t he r ,   a l ly l   2 -me thy lbu t -2 -y l   e t he r ,   a l l y l  

3 - m e t h y l p e n t - 3 - y l   e t h e r ,  a l l y l   3 - e t h y l h e x - 3 - y l   e t he r ,   a l k y l  

5 -p ropy lnon-5 -y l   e t he r ,   a l ly l   1 -methylcyclohexyl   e ther   o r  

a l ly l   1 -me thy lcyc lopen ty l   e t h e r .  

3.  The  p r o c e s s   of   a n y  o n e   of   c l a i m s   1 - 2 ,  

w h e r e i n   t h e   a l l y l - a l k y l   e t h e r   i s   t r e a t e d   w i t h   a  

m e t a l   h y d r i d e   i n   a l k a l i n e   a q u e o u s   s o l u t i o n ,   t o  

f o r m   an   o r g a n i c   c o n t a i n i n g   l a y e r ,   t h e   o r g a n i c   c o n -  

t a i n i n g   l a y e r   i s   s e p a r a t e d   u n d e r   an  i n e r t   g a s   b l a n -  



k e t   and   t h e   o r g a n i c   l a y e r   i s   w a s h e d   w i t h   d e -  

g a s s e d   w a t e r .  

4.  The  process  of  claim  3  in  which  the  me ta l  

hydride  is  one  of  a lka l i   metal  borohydr ide ,   a l k a l i n e   e a r t h  

metal  borohydr ide ,   a lka l i   metal  t r i a l k y l b o r o h y d r i d e ,   l i t h i u m  

aluminum  hydr ide ,   l i t h i u m - t r i - t e r t - b u t o x y a l u m i n o h y d r i d e ,  

l i t h i u m - t r i e t h o x y a l u m i n o h y d r i d e ,   or  sodium  b i s ( 2 - m e t h o x y e t h o x y )  

aluminum  h y d r i d e .  

5.  The  p r o c e s s   of  a n y   one  of   c l a i m s   1 - 2 ,  

w h e r e i n   t h e   a l l y l - a l k y l   e t h e r   i s   p a s s e d   t h r o u g h  

an  a n i o n   e x c h a n g e   r e s i n   c o n t a i n i n g   i m m o b i l i z e d  

b o r o h y d r i d e   c o u n t e r i o n s   t h e r e o n .  

6.  The  process  of  claim  5,  wherein  the  a l l y l - a l k y l  

e ther   is  passed  through  a  s e r i e s   of  beds,  t h e  f i r s t   s e v e r a l  

beds  con ta in ing   such  anion  exchange  r e s ins   and  the  l a s t   bed 

comprising  an  absorbent   capable  of  r e t a i n i n g   e n t r a i n e d  

borohydr ide ,   boric  acid,   or  boride  s a l t   p resen t   in  t h e  

e ther   e f f l u e n t .  

7.  The  p r o c e s s   of   a n y   one  o f   c l a i m s   1 - 2 ,  

w h e r e i n   t h e   e t h e r   i s   t r e a t e d   w i t h   a  m e t a l   h y d r i d e  

i n   a l k a l i   a q u e o u s   s o l u t i o n ;   t h e   e t h e r   e f f l u e n t   i s  

p a s s e d   t h r o u g h   a  b e d   of   a n i o n   e x c h a n g e   r e s i n   c o n -  

t a i n i n g   i m m o b i l i z e d   b o r o h y d r i d e   c o u n t e r i o n s ;   a n d  

t h e   e t h e r   e f f l u e n t   i s   w a s h e d   w i t h   s u f f i c i e n t   d e -  

o x y g e n a t e d   w a t e r   t o   e l i m i n a t e   d i s s o l v e d   a l k a l i  

a n d   m e t a l   h y d r i d e .  



8.  The  process  of  claim  7  in  which  the  metal  h y d r i d e  

is  one  of  a l k a l i   metal  bo rohydr ide ,   a l k a l i n e   ear th   metal  b o r o -  

hydr ide ,   a l ka l i   metal  t r i a l k y l b o r o h y d r i d e ,   l i t h ium  aluminum 

hydr ide ,   l i t h i u m - t r i - t e r t - b u t o x y a l u m i n o h y d r i d e ,   l i t h i u m - t r i -  

e thoxya luminohydr ide ,   or  sodium  b i s (2 -me thoxye thoxy)   aluminum 

h y d r i d e .  
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